ABSTRACT L-(U-'4C)-5-oxoproline (pyrollidone carboxylic acid or pyroglutamic acid) was infiltrated into detached leaves of a number of species and incubated for 1 to 6 hours. In every case, conversion to labeled glutamate and glutamine was observed. The amount converted varied from 1 to 64% of the total label fed depending on the species. The ratio of glutamate-'4C to glutamine-14C ranged from 5 in Viciafaba to 1 in sugar beet. This ratio could be affected by preinfiltrating various compounds before allowing the uptake of the 5-oxoproline. When L-methionine-DL-sulfoximine was prefed to sugar beet leaves, the glutamate-glutamine ratio increased from 1 to 10. Prior treatment of V. faba leaves with azaserine resulted in esentially only labeled glutamine being recovered. Preinfiltration with NaF or ATP gave similar results in that the glutamate-glutamine ratio was greatly decreased. The results are consistent with glutamate being produced from the 5-oxoproline and then being converted to glutamine.
vial which contained the solution of the compound to be infiltrated. The fresh weight of leaf used was between 0.25 to 0.4 g. All feedings were normally carried out in the light at room temperatures (21 C). Seedlings were germinated in the dark and used when 5 to 8 days old. The root was removed at the junction of the hypocotyl, and the cut end was placed in a small vial containing the solution of labeled 5-OP or other addendum. Usually 0.3 to 0.5 ,uCi of L-(U-'4C)5-OP was the substrate in a volume of 0.1 ml. This gave an amount equal to 1.2 to 2 nmoles with 300,000 to 500,000 total cpm. If all the material was taken up before the end of the desired incubation time, distilled H20 was added.
At the end of the incubation, the plant material was homogenized with mortar and pestle in distilled H20, and glacial acetic acid was added until approximately pH 3 . The insoluble material in the homogenate was removed by centrifugation, and the supernatant solution was assayed for conversion of 5-OP to glutamic acid by the cation exchanger procedure of Van der Werf et al. (17) . Aliquots of the eluate were counted in a Beckman LS-250 scintillation counter using the Triton X-114 counting mixture of Anderson and McClure (2) but using 0.8% butyl-PBD as the scintillant. Internal standards were used to correct for quenching losses.
The amount of glutamic acid and glutamine-'4C produced was determined by ascending chromatography on glass plates (20 x 20 cm) coated with MN 300 cellulose powder from MachareyNagel Co. Solvent systems used were isopropanol-formic acid-H20 (20:1:5) most commonly, or butanol-acetic acid-H20 (90:10:29). At times electrophoresis in 0.6 M formic acid at 1000 v was also employed. The radioactive areas were located by using a Radiochromatogram Spark Chamber from Birchover Instruments Ltd. fitted with a Polaroid camera. The Polaroid print was then superimposed on the chromatogram by means of a print projector, and the radioactive areas were outlined. The cellulose powder within the area was removed by suction and transferred to scintillation vials and suspended in a scintillation mixture of 0.8% butyl-PBD in toluene for counting.
L-(U-'4C)5-OP was purchased from New England Nuclear. Alternatively, it was synthesized from L-(U-'4C)glutamine or L-(U-'4C)glutamic by the procedures of Greenstein and Winitz (4) .
All other chemicals were obtained from commercial sources. RESULTS 5-OP Conversion and Distribution among Plant Families. Table I shows the distribution of the ability to convert 5-OP to glutamate among representatives of seven plant families (monocot and dicot); all were able to convert infiltrated 5-OP to glutamate and glutamine. Leaves were customarily used but seedlings and cotyledon slices were also able to perform these reactions. The amounts converted during infiltration time varied greatly. Chenopodium leaf was consistently the most effective and sometimes (Table I) Products of 5-OP Conversion. There were usually only two labeled compounds present in the eluate from the cation exchange column. These were identified as glutamic acid and glutamine by co-chromatography in butanol-acetic acid-water, isopropanol-formic acid-H20, and phenol-NH3-H20, by ascending chromatography. Further identification was made by use of co-electrophoresis in 0.6 M formic acid at 1000 v for 25 min with known standards of glutamate and glutamine. Sometimes a third radioactive compound was formed which by co-chromatography and co-electrophoresis was identified as y-aminobutyrate. That this conversion was enzymatic and not an artifact of isolation was proven by a control preparation in which plant material was homogenized and adjusted to pH 3 with acetic acid and then '4C-5-OP was added, and the isolation of products was carried on as usual. No conversion to glutamic acid or glutamine was ever discerned.
The relative amounts of glutamate and glutamine formed depended on the species used. Table I shows the ratio of labeled glutamate to glutamine found with leaves of different plants.
The results show that in V. faba leaves glutamate predominates, whereas in sugar beet the amount of glutamine formed was equal to glutamate. There was some variation in this ratio within the same plant from experiment to experiment, but the Table I was consistently followed. The sequence in which the products appeared was examined. Although it appeared most likely that glutamate gave rise to glutamine, it was also possible that 5-OP could be converted directly to glutamine. Because sugar beet leaves produced such large amounts of glutamine, they were selected to investigate this aspect. Sugar beet leaves were preinfiltrated with either water only, or L-glutamate or methionine sulfoximine solutions. The latter compound resembles glutamine in structure and is a sensitive, specific inhibitor of glutamine synthetase (15) . If glutamate-'4C is the first product, then it should be diluted by the infiltrated L-glutamate in one case, and the conversion of labeled glutamate to glutamine should be inhibited in the second. The results of Table II show that these predictions are accurately followed.
Prefeeding with methionine sulfoximine gives the same amount of conversion as with L-glutamate, but the ratio of glutamate to glutamine is much larger.
Effect of ATP and Other Nucleotides on 5-OP Conversion.
Since the 5-OPase of animal tissues required ATP and Mg2" to cleave 5-OP to glutamate, the effect of ATP and Mg2" on the in vivo conversion in V. faba leaves was examined by perfusing leaves with each compound separately and together and then transferring to vials containing '4C-5-OP. In the presence of ATP a large decrease in the glutamate-glutamine ratio was observed.
The effect on the glutamate-glutamine ratio of a number of other nucleotides infiltrated into the leaf and also that of NaF was investigated. Table IV . Azaserine is a well known inhibitor of glutamine transamidation reactions (8) , and aminooxyacetate is a strong inhibitor of reactions involving pyridoxal-5'-phosphate (8). NH4' is required for the synthesis of glutamine from glutamate. Azaserine decreased the ratio of glutamate to glutamine formed to a very small value. Aminooxyacetate had little influence, and exogenous NH41 had no effect.
DISCUSSION
Recently, 5-OP has been implicated as part of a cyclic mechanism for transporting amino acids into kidney cells (10) . This cycle involves transpeptidation reactions forming 'y-glutamyl dipeptides. The enzyme y-glutamyltranspeptidase has been de- Table II . Effect ofMethionine Sulfoximine and Glutamic Acid on Ratio of Glutamic Acid and Glutamine Formed from '4C-5-OP Individual sugar beet leaves were preinfiltrated for I hr at 21 C in the light with 0.1 ml of H20 containing the compound to be tested. At the end of this period, the leaves were transferred to vials containing the usual amount of L-14C-5-OP. After incubation for 2 hr the leaves were extracted and analyzed for the labeled amino acids formed. Ratio of Glutamate to Glutamine from S-OP All the compounds tested were perfused into detached V. faba leaves in a volume of 0.1 ml which was adjusted to that of the distilled H20 control, pH 5. All solutions contained 10 Lmoles of the indicated compound and feeding continued for 2 hr, then the leaves were transferred to vials containing '4C-5-OP and incubated for 2 hr in the light at 21 C followed by assay for conversion to amino acids as usual.
Prefeeding Treatment
Glutamate'-Glutamine ratio H20 2 H20 + NaF 0.2 H20 + ATP 0.3 H20 + UTP 0.7 H20+ CTP 2 H20+ GTP 1.4
Any y-aminobutyrate present was counted and added to the glutamate total. and variable in amount. We do not know whether the conversion of 5-OP to glutamate is ATP-dependent as in the animal system, and further work will be required to clarify the characteristics of the plant reaction.
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